Pathomorphological studies of polyserositis in commercial caged layer chicken  by Srinivasan, Palani et al.
S313
Document heading            doi: 10.1016/S1995-7645(14)60252-2                             
Pathomorphological studies of polyserositis in commercial caged layer 
chicken
Palani Srinivasan1*, Gurusamypalayam Amirthalingam Balasubramaniam1, Thippichettipalayam Ramasamy Gopala Krishna 
Murthy2, Perumal Balachandran1
1Department of Veterinary Pathology, Veterinary College and Research Institute, Namakkal, Tamil Nadu State, India
2Poultry Disease Diagnosis and Surveillance Laboratory, Veterinary College and Research Institute, Namakkal, Tamil Nadu State, India
Asian Pac J Trop Med 2014; 7(Suppl 1): S313-S320
Asian Pacific Journal of Tropical Medicine
    *Corresponding author: Dr. Palani Srinivasan, Associate Professor, Poultry Disease 
Diagnosis and Surveillance Laboratory, Veterinary College and Research Institute 
Campus, Namakkal, Tamil Nadu State, PIN-637 002, India.
    Tel: 04286 266226 
    Fax: 04286 266226
    E-mail: srinipat2004@yahoo.com
   Foundation Project: Supported by Tamil Nadu Veterinary and Animal Sciences 
University (Grant No. 9213/F1- 1/2006).
1. Introduction
   Avian colibacillosis is an economically important major 
infectious disease in birds of all age. Escherichia coli (E. 
coli) is considered as a member of the normal microflora 
of the poultry intestine, but certain strains, such as those 
designated as avian pathogenic E. coli spread into various 
internal organs. These pathogenic strains will cause a 
number of syndrome in domestic poultry ultimately leading 
to disease and death or to a decrease of egg production 
or condemnation of carcasses[1]. Among these diseases 
there is a severe systemic syndrome termed colisepticemia 
characterized by the presence of E. coli in the blood stream 
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and colonization of various visceral organs[2]. Virulence and 
number of organisms is balanced against efficacy of host 
defenses, which determine the duration, degree, and outcome 
of the disease, as well as the pattern and severity of lesions. 
Colisepticemia progresses through the initial airsacculitis, 
which is frequently followed by acute septicemia, subacute 
polyserositis, and chronic granulomatous inflammation[3].
   Colisepticemia causes sporadic death in layers[2]. However, 
its occurrence was increased as results of intensified poultry 
production and in some flocks it may become the major 
cause of death[4]. In Namakkal Poultry Zone, for the past few 
years, both the incidence and severity of colisepticemia have 
increased despite improvement in poultry production system 
over the years. Current trend indicates that it is likely to 
continue to pose a formidable challenge to poultry farmers, 
threatening food security at a time of increasing global 
demand. Information on cases of colisepticemia in the layer 
sector is necessary for effective prevention and treatment 
of this economically important disease. Nevertheless, 
scientific report on colisepticemia spontaneously occurring 
in commercial layer chicken and its economic impact to the 
layer industry of this region is not available. Therefore, the 
present study was designed to detect the various etiological 
agents and pathological changes in the layer chickens 
affected with colisepticemia. 
2. Materials and methods
2.1. Flock history
   Ten commercial layer flocks located in Namakkal Region of 
Tamil Nadu State, India were investigated. These flocks had 
a sudden increase in mortality and a drop in egg production 
with lesions suggestive of colisepticemia on postmortem 
examination. The study period covered three consecutive 
years (2006-2008). All the flocks were vaccinated according 
to the standard vaccination schedule including vaccinations 
against Marek’s disease, Newcastle disease, infectious bursal 
disease, infectious bronchitis, infectious coryza and fowl 
pox. During the period of increased mortality, the flocks 
were inspected, records were verified and the information 
regarding breed and strain of chicken, flock strength, age, 
method of rearing, vaccination schedule, source of feed 
and water, production performance including time of peak 
production, percentage of production, production drop and 
mortality were collected. 
2.2. Necropsy and histopathological examination
   Ten to twelve dead birds per flock totaling 108 birds were 
surface disinfected and thoroughly examined for gross 
pathological changes. Necropsies were performed as per 
approved procedure[5]. Serous membranes were examined for 
its colour, consistency, adhesion and nature of its exudate. 
Oviduct was removed and opened along its longitudinal axis 
for examination of internal contents and mucosal surface. 
Materials for histopathology were collected from trachea, 
lungs, heart, liver, spleen and different parts of oviduct and 
fixed in 10% neutral buffered formalin. After fixation, samples 
were embedded in paraffin, sectioned at 5 µm thickness and 
stained with hematoxylin and eosin for histopathological 
examination.
2.3. Isolation of causative agent
   Trachea, heart blood, liver, oviduct (infundibulum, 
magnum and uterus) and cloacal swabs were collected 
from dead birds with colisepticemia lesion for screening of 
bacterial agents. The samples were placed in brain heart 
infusion broth and incubated at 37 °C for 24 h and cultured 
aerobically in sheep blood agar, MacConkey agar and eosin 
methylene blue agar (EMBA) for isolation of bacteria. Bacterial 
isolates were identified on the basis of their morphology, 
growth characteristics, sugar fermentation and biochemical 
characteristics[6]. 
   Pooled organs samples of trachea, lung, spleen, caecal 
tonsil, kidney and oviduct were collected from colisepticemia 
cases. The samples were subjected to haemagglutination 
test for detection of Newcastle disease virus (NDV)[7,8], 
infectious bronchitis virus (IBV)[9] and egg drop syndrome-
76 (EDS-76) virus[10]. Serum samples were collected randomly 
from ten recovered birds from each flock were examined 
by haemagglutination inhibition test for the presence of 
antibodies to NDV, IBV and EDS virus and by enzyme linked 
immunosorbent assay for the Mycoplasma gallisepticum and 
Mycoplasma synoviae. 
   To determine the source of infection, materials such as agar 
plates exposed in poultry house environment, cloacal swabs, 
water and feed samples were collected from the affected flocks 
for bacterial examination. Five MacConkey agar plates were 
exposed at different places of poultry house to determine the 
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environmental microbial load. For cloacal swabs, minimum five 
apparently healthy birds from each of the ten flocks affected 
with colisepticemia were collected and processed according 
to standard procedure as described previously. Pooled water 
samples (storage tank and at least five nipples from different 
places of water lines in the affected flocks) were tested for the 
presence of E. coli in EMBA. Twenty five grams of feed samples 
collected from each flock was added to 225 mL of brilliant green 
bile broth and incubated over night at 37 °C. The incubated 
broth was subcultured on the EMBA and incubated for 24 h at 
37 °C and examined for E. coli. The E. coli isolates obtained 
were sent to National Salmonella and Escherichia Centre, 
Kasuali, Himachal Pradesh, India for further confirmation and 
serotyping.
3. Results
   On postmortem examination, the condition of the carcasses 
were fair to good, crop was partially filled with feed materials 
and the pectoral muscles were dark red in appearance. The 
most consistent lesion occured in the dead birds was varying 
degree of pericarditis, perihepatitis and peritonitis with 
fibrinous exudate suggestive of colisepticemia (Figure 1). 
   The fibrinous exudate were varied in amount and caused 
no apparent thickening of serous membranes to marked 
thickening with visible changes. The exudate colour were 
varied from pale cream to yellowish in appearance (Figure 2). 
   The exudate within the peritoneum often appears as strands 
and attached to the surface of the ovary and oviduct. In few 
birds petechiae to ecchymotic haemorrhages were noticed 
on the inner side of the sternum (Figure 3) along with the 
polyserositis lesions. Tracheal mucosa was congested with 
mucus exudate (Figure 4). 
   Figure 5 shows congestion and frothy exudate on section 
of lungs, and mild to moderate enlargement and congestion 
on the spleen. Most of the dead birds showed active egg 
production with ovarian follicular hierarchy, however, thecal 
blood vessels were congested (Figure 6). Oviduct serosal blood 
vessels with marked hyperemia, were congested on incision, 
Figure 1. Fibrinous pericarditis and perihepatitis in birds suggestive of 
colisepticemia.
Figure 2. Yellowish fibrinous exudate on the heart and liver surface of birds 
affected by colisepticemia.
Figure 3. Petechiae and ecchymotic hemorrhages on the inner surface of 
sternum with polyserositis.
Figure 4. Congestion and mucus exudate in the tracheal mucosa.
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upper reproductive tract mucosal surface, especially in 
infundibular and magnal regions (Figure 7). Partially or fully 
formed eggs were contained in few birds uterus. However, 
none of the bird showed the typical lesions of egg peritonitis or 
salpingitis or other pathological changes in visceral organs.
   Microscopical examination showed deciliation and 
hypertrophy of mucosal glands in the dead birds trachea. 
Figure 8 reveals vascular congestion, haemorrhage, edema, 
heterophil and mononuclear cell infiltration in the wall of the 
bronchus as well as in the peribronchial alveoli.
Figure 5. Congestion of lungs, moderate enlargement of spleen with 
polyserositis lesions on the heart, liver and ovary.
Figure 6. Normal follicular hierarchy with thecal blood vessels congestion 
and fibrin strands on the surface of ovary.
Figure 7. Congestion in ovary and oviduct, especially in 
infundibular and magnal regions.
Figure 8. Congestion, haemorrhage and edema in the lung of the 
dead birds (H & E 伊100).
Figure 9. Fibrinous pericarditis with infiltration of inflammatory 
cells in the heart of colisepticemia affected dead birds (H & E 伊400).
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   Marked edema, heterophil and mononuclear cell 
infiltration was noticed on the air sac of dead birds. Fibrinous 
pericarditis, focal necrosis, vascular congestion, edema and 
infiltration of inflammatory cells were observed on the heart 
of colisepticemia affected dead birds (Figure 9). 
   Histopathological examination on the liver revealed 
fibrinous hepatitis, focal coagulative necrosis and infiltration 
of mononuclear cells in portal areas (Figure 10). Spleen 
showed areas of coagulative necrosis around the germinal 
follicles and reticuloendothelial cells proliferation were 
observed on the spleen. (Figure 11). 
   Figure 12 shows marked congestion on the oviduct serosal 
Figure 10. Fibrinous perihepatitis with mononuclear cells infiltration 
in the liver of birds affected by colisepticemia (H & E 伊400).
Figure 11. Focal coagulative necrosis in the spleen of birds affected 
by colisepticemia (H & E 伊100).
Figure 12. Congestion and degeneration of surface epithelium on 
oviduct serosal and mucosal layers (H & E 伊400).
Figure 13. Infiltration of inflammatory cells with degeneration and 
necrosis of glandular epithelium (H & E 伊400).
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and mucosal layers, and egeneration and desquamation 
on the surface epithelium. Mild to moderate infiltration of 
inflammatory cells especially heterophils and lymphocytes 
were noticed beneath the epithelium in various regions 
of the oviduct. Degenerative and necrotic changes were 
observed on the glandular epithelium (Figure 13). Ovarian 
follicles revealed hyperemia, degeneration of granulosa 
cells and infiltration of leukocytes. 
   Samples processed from the birds with colisepticemia 
lesions showed the presence of E. coli in the pure culture. 
The organisms were identified based on lactose fermenting 
pink coloured round, smooth and glistening colonies 
on MacConkey’s agar, black metallic sheen colonies on 
EMBA agar, indole production at 44 °C, gas production in 
Eijkmann’s test and acid and gas production in different 
sugar fermentation tests. All the samples were negative for 
Salmonella or other bacterial pathogens. In colisepticemia 
cases E. coli organisms were isolated from trachea, heart 
blood, liver and spleen. MacConkey agar plates exposed 
in poultry house environment (40 out of 50) and cloacal 
swabs collected from live birds (37 out of 50) revealed 
the presence of E. coli organisms, whereas the water and 
feed samples were negative for E. coli in all the ten flocks 
with colisepticemia lesions. In the present study, 108 
E. coli isolates were typed serologically into 8 different 
‘O’ groups. The predominant isolated serotypes were O78 
and O111 together accounting for 75%. The other isolated 
serotypes were O3, O8, O54, O88, O109 and O144. The distribution 
of different serotypes of E. coli in colisepticemia cases 
are presented in Table 1. Necropsy examination of the 
affected flocks did not reveal any lesions indicating NDV, 
IBV and EDS-76 viral infections. Tissue samples collected 
for virological examination were also found to be negative 
against NDV, IBV and EDS-76 virus in haemagglutination 
test. Moreover, this was confirmed in the serological tests 
also, since all sera were positive for NDV and infectious 
bronchitis virus as a result of vaccination. The results of 
haemagglutination inhibition titer for EDS-76, and enzyme 
linked immunosorbent assay for Mycoplasma gallisepticum 
and Mycoplasma synoviae were found to be negative. 
   Flock details of colisepticemia affected layer chickens 
are presented in Table 2. Affected flocks showed a 
sudden increase in mortality (2.0%-5.0%) without any 
premonitory signs except the drop in egg production to 
the tune of 3%-10%. However, the production improved 
as soon as the birds recovered and reached the previous 
production levels. Age wise analysis on the occurrence of 
colisepticemia revealed that the highest incidence was at 
21-30 weeks (40.0%), followed by 31-40 weeks (30.0%), 41-50 
weeks (10.0%), 51-60 weeks (10.0%) and 61-70 weeks (10.0%). 
Season wise analysis on the occurrence of colisepticemia 
showed that the highest incidence was during southwest 
monsoon (50.0%), followed by winter (30.0%), summer (10.0%) 
and northeast monsoon (10.0%).
Table  1
E. coli serotypes isolated from colisepticaemia cases.
S. No. Serotypes No. of birds  Percentage
1. O3  2   1.85
2. O8  2   1.85
3.  O54  7   6.48
4.  O78 49 45.37
5.  O88  3   2.78
6.   O109  7   6.48
7.   O111 32  29.63
8.   O144  6   5.56
Table 2
Flock details in layer chicken affected with colisepticaemia.
S.No. Age (week) Flock size Production % Mortality 
(%)Expected Actual
1. 21 20 000 38 29 3.7
2. 23 12 000 83 73 5.0
3. 27  7 000 94 86 4.1
4. 30 10 000 97 87 4.5
5. 32 15 000 97 90 4.3
6. 35 11 000 96 89 3.6
7. 38 16 000 95 88 3.9
8. 44 25 000 93 88 3.4
9. 55 20 000 89 85 2.8
10. 63  9 000 87 84 2.0
4. Discussion
   The clinical and pathological characteristics of the 
colisepticemia in ten commercial layer flocks which had a 
sudden increase in mortality and a drop in egg production 
were investigated. Incidence of colisepticemia was noticed 
throughout the laying period, however, more common 
during 21-40 weeks of age when they are in peak egg 
production. The birds at the peak of production are more 
susceptible due to stress imposed by the stage of lay[11,12]. 
In colisepticemia affected flocks the drop in egg production 
and mortality varied from 3%-10%, 2.0%-5.0%, respectively. 
Chen et al. reported 5.5% mortality and 10%-20% drop 
in egg production with E. coli infections in egg type 
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layers reared in cage[13]. Zenella et al. reported 5%-10% 
mortality due to E. coli infection with no pronounced signs, 
suggesting that the infection may be there but couldn’t 
be easily detected until regular tests are performed for 
its proper diagnosis[11]. The situation leading to mortality 
with no pronounced clinical signs will be more critical as 
it would result in heavier losses of reduced egg production 
prior to the investigations. Colisepticemia was recorded in 
all the four seasons of the year with significantly higher 
rate during southwest monsoon (58.0%). Lambie et al. also 
reported higher incidence of E. coli infection during rainy 
season[14]. 
   In the present investigation, E. coli organisms were 
isolated from trachea, heart blood, liver and spleen of all 
the dead birds with colisepticemia lesions and poultry 
house environment and cloacal swabs of all the affected 
flocks as a pure culture and were identified based on 
their cultural biochemical characteristics[6]. In the present 
study, 108 E. coli isolates were typed serologically into 8 
different ‘O’ groups. The predominant serotypes were O78 
and O111 which was in agreement with Zanella et al. and 
Vandekerchove et al[11,15]. The occurrence of a specific 
serotype and its role in disease production depends 
upon the health status of the birds, climatic conditions, 
geographical situations and management strategies. 
The variations are found in serotype prevalence from 
time to time and from region to region[16,17]. E. coli is a 
normal inhabitant of the chicken intestinal tract with up 
to 106 of these bacteria per gram of intestinal contents. 
Approximately 10%-15% of intestinal E. coli is considered 
to be potential pathogens and it may be excreted as a 
result of stress induced by high flock density and peak 
production[3]. Litter has ultimately a role in the generation 
of dust and the microorganisms will adhere to this dust. 
Poultry house dust may contain 105 to 106 E. coli per gram 
and these bacteria persist for long periods, particularly 
during low temperature. Inhalation of this contaminated 
dust lead to systemic avian pathogenic E. coli infections[18]. 
The risk for colibacillosis increases with increasing 
infection pressure in the environment. In the present 
investigation colisepticemia affected flocks had E. coli 
organism in their housing environment indicating that the 
colisepticemia inducing E. coli might be environmentally 
derived organisms. Necropsy and virological examination 
of tissue samples of the colisepticemia affected flocks 
were found to be negative for NDV, IBV and EDS-76 
infections, possibly indicate that these infections did not 
play a role in the pathogenesis of colisepticemia in the 
investigated flocks. Results of the present study indicate 
that pathogenic E. coli can induce colisepticemia lesions 
without the presence of predisposing factors[19].
   Necropsy examination of affected birds revealed the 
fibrinous polyserositis lesions, however, none of the 
bird showed septicaemic lesions. This might be due 
to the age associated resistance since the aged birds 
withstand the septicaemic stage of colibacillosis and 
develop serosal lesions that resulted from subsequent 
bacterial colonization in the serosal tissues[20]. Generalized 
congestion observed in various visceral organs might 
be due to the vascular damage induced by the E. coli 
endotoxin. Microscopically, deciliation of tracheal 
epithelium observed in the present study might decrease 
the effectiveness of the mechanical defense mechanism of 
the respiratory system. This damage is further perpetuated 
by an increased mucous secretion due to the hypertrophy 
of mucus glands which could promoted the multiplication 
of E. coli organism[21], and by reversed ciliary waves or 
by other mechanisms, the organism could gain access to 
the lungs and the air sacs. Acute inflammatory response, 
characterized by vascular congestion, edema, heterophil 
and mononuclear cell infiltration in the lung and air sacs, 
fibrinous inflammation and necrotic changes in liver 
and heart and necrosis and depletion of lymphocytes in 
spleen are concurs with earlier report[22]. Various changes 
observed in above organs could be attributed to bacterial 
endotoxins and vascular injury[23, 24]. Presence of vascular 
and inflammatory changes observed in the ovary and 
oviduct of colisepticemia affected birds could be due to 
direct damaging effect of endotoxins elaborated by E. 
coli[25]. 
   In conclusion, this field study revealed that the 
colisepticemia associated with E. coli organisms in 
commercial layer chicken might have derived from the 
layer house environment. Reduction in bacterial load, 
especially E. coli in the layer house environment by 
adopting appropriate biosecurity measures would decrease 
the incidences of colisepticemia in commercial layers. 
Conflict of interest statement
   We declare that we have no conflict of interest.
Palani Srinivasan et al./Asian Pac J Trop Med 2014; 7(Suppl 1): S313-S320S320
Acknowledgements
   This study was supported by Tamil Nadu Veterinary and 
Animal Sciences University with the grant No. 9213/F1- 
1/2006, dated 27.06.2006, Tanuvas, Chennai, Tamil Nadu, 
India.
References
[1]    Khoo LL, Hasnah Y, Rosnah Y, Saiful N, Maswati MA, Ramlan 
M. The prevalence of avian pathogenic Escherichia coli (APEC) 
in Peninsular Malaysia. Malays J Vet Res 2010; 1(1): 27-31.
[2]    Srinivasan P, Rao GVS, George VT. Survey of spontaneous cases 
of colibacillosis in chicken. Indian Vet J 2003; 80(1): 93-94.
[3]    Nolan LK, Barnes HJ, Vaillancourt JP, Abdul-Aziz T, Logue 
CM. Colibacillosis. In: Swayne DE, Glisson JR, McDougald LR, 
Nolan LK, Suarez DL, Nair VL, editors. Diseases of poultry. 13th 
ed. Oxford: Wiley-Blackwell; 2013, p. 751-806. 
[4]    Dhillon AS, Jack OK. Two outbreaks of colibacillosis in 
commercial caged layers. Avian Dis 1996; 40(3): 742-746.
[5]    Jensen HE. Necropsy: a handbook and atlas. Frederiksberg: 
Biofolia; 2011, p. 251-260.  
[6]    Quinn PJ, Markey BK, Leonard FC, Hartigan P, Fanning S, 
FitzPatrick ES. Veterinary microbiology and microbial disease. 
2nd ed. Oxford: Wily-Blackwell; 2011, p. 263-286.
[7]    Mohammad MH, Zabid AAH, Kadhim LI,  Hasoon MF. 
Conventional and molecular detection of Newcastle disease 
and infectious bursal disease in chicken. JWPR 2013; 3(1): 05-
12. 
[8]    Balachandran P, Srinivasan P, Sivaseelan S, Balasubramanlam 
GA, Gopala Krishna Muthy TR. Isolation and characterization 
of Newcastle disease virus from vaccinated commercial layer 
chicken. Vet World 2014; 7(7): 457-462.
[9]    Villarreal LYB. Diagnosis of infectious bronchitis: an overview 
of concepts and tools. Rev Bras Cienc Avic 2010; 12(2): 111-114.
[10]  Alam J, Al-Mamun M, Samad MA, Ullah MR, Giasuddin M, 
Taimur MJFA. Outbreak of egg drop syndrome in Bangladesh. 
Int J Biol 2009; 1(1): 56-64.
[11]  Zanella A, Alborali GL, Bardotti M, Candotti P, Guadagnini PF, 
Martino PA, et al. Severe Escherichia coli O111 septicaemia and 
polyserositis in hens at the start of lay. Avian Pathol 2000; 29(4): 
311-317.
[12]  Srinivasan P, Balasubramaniam GA, Murthy TR, Balachandran 
P. Bacteriological and pathological studies of egg peritonitis in 
commercial layer chicken in Namakkal area. Asian Pac J Trop 
Biomed 2013; 3(12): 988-994.
[13]  Chen SY, Jiu B, Li HW, Liu S, Yang SQ, Zhang DZ. Diagnosis 
and control of swollen head syndrome in layers. Chinese J 1997; 
23: 27-30.
[14]  Lambie N, Ngeleka M, Brown G, Ryan J. Retrospective study on 
Escherichia coli infection in broilers subjected to postmortem 
examination and antibiotic resistance of isolates in Trinidad. 
Avian Dis 2000; 44(1): 155-160.
[15]  Vandekerchove D, De Herdt P, Laevens H, Pasmans F. 
Colibacillosis in caged layer hens: characteristics of the 
disease and the aetiological agent. Avian Pathol 2004; 33(2): 
117-125.
[16]  Salehi M, Ghanbarpou R. Characterization of Escherichia coli 
isolates from commercial layer hens with salpingitis. Am J 
Anim Vet Sci 2010; 5: 208-214. 
[17]  Srinivasan P, Balasubramaniam GA, Gopala Krishna Murthy 
TR, Balachandran P. Bacteriological and pathological studies 
of salpingitis in layer chicken. Indian Vet J 2014; 91: 28-32.
[18]  Dziva F, Stevens MP. Colibacillosis in poultry: unravelling the 
molecular basis of virulence of avian pathogenic Escherichia 
coli in their natural hosts. Avian Pathol 2008; 37(4): 355-366.
[19]  Medina HA. Factors that could induce peritonitis in commercial 
egg layers. Zootechnica Int World Poult J 2008; 21: 56
[20]  Bhalerao AKD, Gupta RP, Kumari M. Pathological studies on 
natural cases of avian colibacillosis in Haryana State. Haryana 
Vet 2013; 52: 118-120. 
[21]  Itoo FA, Kamil SA, Mir MS, Khan HM, Darzi MM, Khan AA. 
Occurrence of respiratory affections in commercial broiler 
chicken reared in Srinagar (J&K) India. J Vet Adv 2014; 4(1): 
350-357. 
[22]  S r i n i v a s a n  P ,  S u d h a k a r  R a o  G V ,  T i t u s  G e o r g e  V . 
Histopathological studies of E. coli infection alone and in 
combination with IBDV in chicken. Indian J Vet Pathol 2003; 
27: 13-17.
[23]  Dhama K, Chakraborty S,  Barathidasan R, Tiwari  R, 
Rajagunalan S, Singh SD. Escherichia coli, an economically 
important avian pathogen, its disease manifestations, diagnosis 
and control, and public health significance: a review. ROAVS 
2013; 3(6): 179-194. 
[24]  Wang C, Zhang T, Zhong X, Zhao Z. Effects of modified 
pulsatilla decoction on avian colibacillosis and concentrations 
of nitrogen oxide (NO) and tumor necrosis factor-α (TNF-α) in 
serum. J Med Plants Res 2012; 6(2): 220-224. 
[25]  Shivashankar TV, Sharma A, Grover YP. Studies on different 
virulence factors in avian pathogenic Escherichia coli. Haryana 
Vet 2010; 49: 45-47.
